Introduction
============

Chronic kidney disease (CKD) is increasingly recognized as a global public health problem. The prevalence of CKD is now greater than 10%^[@bib1])^, and the number of people requiring renal replacement therapy (RRT) with end-stage renal disease (ESRD) was estimated to be from 4.9 to 9 million worldwide^[@bib2])^. CKD is a complicated disease because it leads to ESRD, which requires RRT, such as dialysis, and it also increases the risk of cardiovascular diseases^[@bib3],\ [@bib4])^.

CKD is classified into six grades (1, 2, 3A, 3B, 4, and 5) according to the estimated glomerular filtration rate (eGFR). The 2012 Kidney Disease Outcomes Quality Initiative (KDOQI) guideline stressed the importance of albuminuria in predicting the prognosis of CKD, and CKD stages are now determined according to the eGFR categories (G1--G5) and albuminuria categories (A1--A3)^[@bib5],\ [@bib6])^. The guideline also describes other predictors of CKD progression, including the cause of CKD, age, sex, race, elevated blood pressure, hyperglycemia, dyslipidemia, smoking, obesity, history of cardiovascular disease, and ongoing exposure to nephrotoxic agents; however, the most important factor for prediction of CKD incidence in the population without CKD is unknown, and this factor is crucial for patients to avoid CKD.

Most CKD patients are in the early stages of the disease, and more than 10% of the Japanese population is in the CKD stages G1, G2, or G3A^[@bib7])^. Early prevention and diagnosis of CKD is the most effective way to prevent ESRD. A recent report suggests that abnormal kidney function is associated with a higher risk for hospitalization, even for patients in stage 3A CKD^[@bib8])^. Therefore, it is necessary to perform early interventions against CKD progression in early stage CKD patients and populations without CKD.

A comprehensive medical check-up system is usually organized in Japan, and it may aid in the primary prevention of cerebrovascular and cardiovascular diseases via control of risk factors^[@bib9])^. Many people undergo annual health checkups that include blood and urine examinations and receive explanations of the results, advice on their lifestyles, or suggestions for further examination. Therefore, we obtained numerous data, including lifestyle habits and medications, in a healthy population. Health checkups provide a good opportunity for imparting knowledge of CKD or early diagnosis of CKD among people.

This study investigated the factors associated with an eGFR decline over 1 year, in particular, metabolic factors that are strongly affected by individual lifestyle, in Japanese people who received annual health checkups.

Methods
=======

Study Population
----------------

Individuals who experienced thorough medical examinations at Keio University Hospital from January 1, 2013 to December 31, 2015 were enrolled (**[Fig. 1](#F1){ref-type="fig"}**). We selected 2024 participants who received at least two annual health checkups in 2013 and 2014, and 1110 participants who received two annual health checkups in 2014 and 2015 after exclusion of population overlap during 2013 and 2014. We excluded participants without essential data including age, sex, body mass index (BMI), waist circumference, visceral fat area (VFA), systolic blood pressure (BP), diastolic BP, serum chemistries, computed tomography (CT) scan of the chest and the abdomen, medical history, and lifestyle habit. Individuals with eGFR \< 60 ml/min/1.73 m^2^ and/or with proteinuria were excluded from the study. Finally, data from 2531 participants (1617 males and 914 females) aged between 23 and 89 years were analyzed in this study. Additionally, we selected 1709 participants who received health checkups in 2013 and 2015. After exclusion of subjects with eGFR \< 60 ml/min/1.73 m^2^ and/or with proteinuria, we analyzed the data of 2-year-intervals with 1411 participants to confirm the results in 1 year.

![Scheme of inclusion of study population.](jat-24-863-g001){#F1}

Clinical Evaluation and Laboratory Measurements
-----------------------------------------------

We examined blood pressure, BMI, and waist circumference at the navel level during minimal respiration. All participants completed a self-administered questionnaire that documented medical history, medication, smoking habit, alcohol consumption habit, the frequency and intensity of daily exercise, eating habits, and sleeping habit. Types of medication for hypertension and dyslipidemia were unknown in 13 and 12 subjects, respectively. Average ethanol consumption per day was approximately calculated as follows: (the frequency of alcohol consumption) × (the amount of alcohol consumed once). Serum markers including triglyceride (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), lipoprotein a (Lp(a)), apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), glucose, hemoglobin A1c (HbA1c), homeostasis model assessment of insulin resistance (HOMA-R), uric acid (UA), and highly sensitive C reactive protein (hs-CRP) were measured. Blood samples were collected after fasting overnight and immediately analyzed using an automated clinical chemical analyzer. We examined urinary protein and blood excretion in urine samples using dipstick testing. VFA was measured at the navel level using a single-slice CT scan (Aquilion CXL; Toshiba Medical Systems Corporation, Tochigi, Japan).

Definitions
-----------

Urinary protein and blood excretion was examined using dipstick testing and categorized into 5 degrees; −, ±, 1+, 2+, and 3+. Proteinuria and hematuria were defined as urine protein ≥ 1+ and urine blood ≥ 1+, respectively. CKD was defined as eGFR \< 60 ml/min/1.73 m^2^ and/or the presence of proteinuria. eGFR was calculated using the equation: eGFR (ml/min/1.73 m^2^) = 194 × serum creatinine (mg/dl) − 1.094 × age (years) − 0.287 × 0.739 (for women)^[@bib10])^. Hypertension was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg or use of antihypertensive drugs in the questionnaire. High BP was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg. Diabetes was defined in accordance with the guidelines of the American Diabetes Association: fasting glucose concentration ≥ 126 mg/dl, HbA1c level ≥ 6.5%^[@bib11])^, or use of antihyperglycemic drugs in the questionnaire. Obesity was defined as BMI ≥ 25 kg/m^2^. Metabolic syndrome was defined based on the Joint Interim Statement 2009 definition^[@bib12])^. Participants having more than three of the following five clinical measures were considered as having metabolic syndrome: (1) central obesity (waist circumference (≥ 90 cm in men, or ≥ 85 cm in women); (2) elevated blood pressure, defined as systolic BP ≥ 130 mmHg or diastolic BP ≥ 85 mmHg, or taking an antihypertensive medication; (3) elevated fasting blood glucose level ≥ 100 mg/dl or taking a hypoglycemic medication; (4) decreased HDL-cholesterol level (\< 40 mg/dl in men or \< 50 mg/dl in women); and (5) hypertriglyceridemia (≥ 150 mg/dl) or taking a lipid-lowering medication. A change of eGFR was evaluated as ΔeGFR, which was calculated as eGFR in the next year minus eGFR at baseline. Decline of eGFR was evaluated as following criteria: (1) eGFR reduction rate (ΔeGFR/eGFR at baseline × 100) ≤−15%^[@bib13])^ and/or (2) eGFR at the next year \< 60 ml/min/1.73 m^2^. In data analysis with 2-year-interval health checkups, we used the following criteria: (1) eGFR reduction rate ≤−30%^[@bib13])^ and/or (2) eGFR at the next year \< 60 ml/min/1.73 m^2^.

Statistical Analysis
--------------------

Factors associated with a decline in eGFR were identified. Factors described as predictors of CKD progression, including age, sex, eGFR, smoking, hypertension, diabetes, obesity, and HDL-C or ApoA1 were included in multivariate regression models. Continuous variables are expressed as the mean ± standard deviation (SD). The significance level for all tests in this study was two-sided 5%. All statistical analyses were performed using JMP version 12 (SAS Institute Inc., Cary, NC, USA).

Results
=======

Participant Characteristics
---------------------------

A total of 23,772 individuals received medical checkups from January 1, 2013 to December 31, 2015. We excluded individuals without the essential data and individuals with CKD as described in the Method section. A total of 2531 participants (1617 males and 914 females) aged 58.9 ± 11.7 years old (range 23--89 years old) were eligible for this study (**[Fig. 1](#F1){ref-type="fig"}**). **[Table 1](#T1){ref-type="table"}** shows the clinical characteristics of all participants. Additionally, we analyzed the data with 1411 participants who received health checkups in 2-year-intervals to confirm the results over 1 year.

###### Baseline characteristics of all participants.

  ------------------------------------- ----------------
  Age (y)                               58.9 ± 11.7
  Sex (male/female) (male %)            1617/914 (64%)
  BMI (kg/m^2^)                         23.10 ± 3.39
  Waist circumference (cm)              81.77 ± 9.25
  Visceral fat area (cm^2^)             87.14 ± 46.00
  Systolic BP (mmHg)                    119.8 ± 18.2
  Diastolic BP (mmHg)                   76.8 ± 11.0
  TG (mg/dl)                            109.9 ± 83.4
  HDL-C (mg/dl)                         58.0 ± 15.2
  LDL-C (mg/dl)                         116.5 ± 28.1
  Lp(a) (mg/dl)                         16.1 ± 18.6
  ApoA1 (mg/dl)                         147.9 ± 22.0
  ApoB (mg/dl)                          85.9 ± 18.7
  Glucose (mg/dl)                       107.1 ± 17.8
  HbA1c (%)                             5.68 ± 0.59
  HOMA-R                                1.51 ± 1.12
  UA (mg/dl)                            5.66 ± 1.33
  Hs-CRP (mg/dl)                        0.100 ± 0.353
  eGFR (ml/min/1.73 m^2^)               76.0 ± 12.2
  Hematuria                             40 (1.6%)
  Hypertension                          916 (36%)
  Medication for hypertension           618 (24%)
      ACEI/ARB                          434 (17%)
      CCB                               393 (16%)
  Medication for dyslipidemia           460 (18%)
      Statin                            381 (15%)
      Fibrate                           44 (2%)
      EPA                               55 (2%)
      Ezetimibe                         42 (2%)
  Diabetes                              294 (12%)
  Metabolic syndrome                    293 (12%)
  History of kidney disease             2 (0.08%)
  Lifestyle habits                      
  Current smoker                        321 (13%)
  Average ethanol consumption (g/day)   15.7 ± 18.7
  Sweating for 30 min ≥ 2 times/week    961 (38%)
  Walking ≥ 1 hour/day                  883 (35%)
  Late evening snack ≥ 3 times/week     313 (12%)
  Late dinner ≥ 3 times/week            540 (21%)
  Sleeping ≤ 6 hours/day                1521 (60%)
  ------------------------------------- ----------------

BMI, body mass index; BP, blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein a; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; UA, uric acid; HbA1c, hemoglobin A1c; HOMA-R, homeostasis model assessment of insulin resistance; hs-CRP, highly sensitive C reactive protein; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; EPA, eicosapentaenoic acid.

Factors Associated with eGFR Decline Over 1 Year in Logistic Regression Models
------------------------------------------------------------------------------

We examined factors associated with eGFR decline using univariate logistic regression analysis for all factors listed in **[Table 1](#T1){ref-type="table"}** (**[Suppl Table 1](#T7){ref-type="table"}**). Decline in eGFR was evaluated using the following definitions: (1) eGFR reduction rate ≤−15% and/or (2) eGFR at the next year \< 60 ml/min/1.73 m^2^ as described in the Methods section. The following factors were significantly associated with eGFR decline: age, systolic BP, HDL-C, ApoA1, HbA1c, eGFR, hypertension, medication for hypertension, use of angiotensin converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB) or calcium channel blocker (CCB), medication for dyslipidemia, use of statin or ezetimibe, diabetes, metabolic syndrome, smoking pattern, alcohol consumption, and exercise habits.

###### Univariate logistic regression analysis for associated factors with eGFR decline.

  Factors                               OR (95% CI)               *p* value
  ------------------------------------- ------------------------- ---------------
  Age (y)                               **1.03 (1.02 to 1.04)**   **\< 0.0001**
  Sex (male/female) (male %)            1.00 (0.80 to 1.25)       0.9953
  BMI (kg/m^2^)                         1.01 (0.98 to 1.04)       0.5416
  Waist circumference (cm)              1.00 (0.99 to 1.02)       0.5183
  Visceral fat area (cm^2^)             1.00 (1.00 to 1.00)       0.2507
  Systolic BP (mmHg)                    **1.01 (1.00 to 1.01)**   **0.0131**
  Diastolic BP (mmHg)                   1.00 (0.99 to 1.01)       0.3824
  TG (mg/dl)                            1.00 (1.00 to 1.00)       0.2009
  HDL-C (mg/dl)                         **0.99 (0.98 to 1.00)**   **0.0035**
  LDL-C (mg/dl)                         1.00 (0.99 to 1.00)       0.0789
  Lp(a) (mg/dl)                         1.00 (0.99 to 1.00)       0.6688
  ApoA1 (mg/dl)                         **0.99 (0.99 to 1.00)**   **0.0015**
  ApoB (mg/dl)                          1.00 (0.99 to 1.00)       0.1786
  Glucose (mg/dl)                       1.00 (1.00 to 1.01)       0.1169
  HbA1c (%)                             **1.20 (1.01 to 1.42)**   **0.0339**
  HOMA-R                                1.02 (0.92 to 1.12)       0.6966
  UA (mg/dl)                            0.96 (0.86 to 1.04)       0.3490
  Hs-CRP (mg/dl)                        1.18 (0.89 to 1.50)       0.2248
  eGFR (ml/min/1.73 m^2^)               **0.98 (0.97 to 0.99)**   **\< 0.0001**
  Hematuria                             1.20 (0.48 to 2.57)       0.6744
  Hypertension                          **1.61 (1.29 to 2.01)**   **\< 0.0001**
  Medication for hypertension           **1.91 (1.51 to 2.41)**   **\< 0.0001**
      ACEI/ARB                          **1.92 (1.48 to 2.47)**   **\< 0.0001**
      CCB                               **1.67 (1.27 to 2.18)**   **0.0003**
  Medication for dyslipidemia           **1.57 (1.20 to 2.04)**   **0.0011**
      Statin                            **1.39 (1.04 to 1.84)**   **0.0256**
      Fibrate                           1.46 (0.66 to 2.94)       0.3318
      EPA                               0.82 (0.34 to 1.71)       0.6195
      Ezetimibe                         **2.30 (1.12 to 4.42)**   **0.0241**
  Diabetes                              **1.68 (1.23 to 2.26)**   **0.0011**
  Metabolic syndrome                    **1.41 (1.12 to 1.77)**   **0.0038**
  History of kidney disease             0.18 (0.01 to 4.49)       0.2474
  Lifestyle habits                                                
  Current smoking                       **0.68 (0.47 to 0.97)**   **0.0317**
  Average ethanol consumption (g/day)   **0.99 (0.99 to 1.00)**   **0.0149**
  Sweating for 30 min ≥ 2 times/week    **1.28 (1.02 to 1.59)**   **0.0311**
  Walking more than 1 hour/day          **1.44 (1.15 to 1.80)**   **0.0014**
  Late evening snack ≥ 3 times/week     0.99 (0.71 to 1.37)       0.9767
  Late dinner ≥ 3 times/week            0.86 (0.65 to 1.13)       0.2727
  Sleeping ≤ 6 hours/day                0.89 (0.71 to 1.11)       0.2951

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; BMI, body mass index; BP, blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein a; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; UA, uric acid; HbA1c, hemoglobin A1c; HOMA-R, homeostasis model assessment of insulin resistance; hs-CRP, highly sensitive C reactive protein; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; EPA, eicosapentaenoic acid.

Furthermore, we performed logistic regression analysis for these identified factors adjusted by known factors with CKD progression, including age, sex, eGFR, smoking pattern, hypertension, diabetes, obesity, and HDL-C or ApoA1 levels (**[Table 2](#T2){ref-type="table"}**). ApoA1 is the major protein component of HDL-C in plasma, and we confirmed that the ApoA1 level was correlated with HDL-C level using Pearson\'s correlation coefficient (*r* = 0.912, *p* \< 0.0001, **[Fig. 2](#F2){ref-type="fig"}**). Therefore, we used either HDL-C or ApoA1 as a variable in the multiple regression analysis. Hypertension, diabetes, and obesity were defined as described in the Methods section. Baseline levels of HDL-C and ApoA1 significantly correlated with the eGFR decline (odds ratio (OR) 0.87 (per 10 mg/dl); 95% CI, 0.80--0.94; *p* = 0.0012, 0.90 (per 10 mg/dl); 0.86--0.96; *p* = 0.0004, respectively). Hypertension and diabetes were also significantly associated with the eGFR decline. Considering lifestyle habits, walking for more than 1 h/day was significantly associated with eGFR decline, and average ethanol consumption more than 40 g/day showed marginal significance (*p* = 0.0546).

###### Factors associated with eGFR decline over one year in non-CKD participants at baseline using multivariate logistic regression analysis.

                                           eGFR decline (*n* = 382)                                                       
  ---------------------------------------- -------------------------- ------------------------- ------------------------- ------------
  HDL-C (per 10 mg/dl)                     **0.87 (0.80 to 0.94)**    **0.0012**                **0.86 (0.79 to 0.94)**   **0.0009**
  Hypertension                             **1.35 (1.06 to 1.71)**    **0.0054**                **1.40 (1.10 to 1.79)**   **0.0066**
  Diabetes                                 **1.48 (1.07 to 2.03)**    **0.0169**                **1.46 (1.05 to 1.99)**   **0.0230**
  Obesity                                  0.84 (0.64 to 1.10)        0.2134                    0.87 (0.66 to 1.14)       0.3118
  Current smoking                          0.75 (0.51 to 1.08)        0.1292                    0.79 (0.53 to 1.15)       0.2194
  Average ethanol consumption \< 40g/day   --                         1.41 (0.99 to 2.06)       0.0546                    
  Walking ≥ 1 hour/day                     --                         **1.37 (1.07 to 1.76)**   **0.0115**                
  Sweating for 30 min ≥ 2 times/week       --                         1.06 (0.83 to 1.36)       0.6160                    

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol. Multivariate logistic regression analyses were performed for factors described as predictors of CKD progression, including age, sex, eGFR, current smoking, hypertension, diabetes, obesity, and HDL-C (model 1), and for factors described above, average ethanol consumption \< 40 g/day, walking ≥ 1 hour/day, and sweating for 30 min ≥ 2 times/week (model 2).
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As shown in **[Table 3](#T3){ref-type="table"}**, medication for hypertension showed a significant association with the eGFR decline (OR 1.57; 1.21--2.03; *p* = 0.0007), whereas high BP did not show a significant association with the eGFR decline when we used "high BP" and "medication for hypertension" as independent variables instead of "hypertension." Considering classes of antihypertensive drugs, use of ACEI/ARB or CCB was significantly associated with the eGFR decline (OR 1.64; 1.25--2.14; *p* = 0.0004, OR 1.38; 1.04--1.83; *p* = 0.0284, respectively). Medication for dyslipidemia did not show a significant association with the eGFR decline. When we used HbA1c and medication for diabetes as independent variables instead of "diabetes," each variable did not show a statistical significance.

###### Effect of medications for dyslipidemia, hypertension and diabetes with eGFR decline in non-CKD participants at baseline.

                                eGFR decline (*n* = 382)   
  ----------------------------- -------------------------- ------------
  Medication for dyslipidemia   1.19 (0.89 to 1.57)        0.2389
  Medication for hypertension   **1.57 (1.21 to 2.03)**    **0.0007**
      ACEI/ARB                  **1.64 (1.25 to 2.14)**    **0.0004**
      CCB                       **1.38 (1.04 to 1.83)**    **0.0284**
  Medication for diabetes       1.23 (0.73 to 2.04)        0.4238

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker. Multivariate logistic regression analyses were adjusted for factors described as predictors of CKD progression, including age, sex, eGFR, current smoking, hypertension, diabetes, obesity, and HDL-C or ApoA1. For analysis of medication for hypertension, high BP defined in the Method section was used as an independent variable instead of hypertension. For analysis of medication for diabetes, HbA1c level was used as an independent variable instead of diabetes.

We also examined the relationship between metabolic syndrome and eGFR decline. Metabolic syndrome, as defined in the Method section, was significantly associated with eGFR decline using multiple regression model adjusted for age, sex, eGFR, and smoking (OR 1.32; 1.04--1.67; *p* = 0.0205). Among parameters included in the criteria for metabolic syndrome, elevated BP was significantly associated with eGFR decline, and decreased HDL-C showed a marginal significance (central obesity, OR 1.10; 0.84--1.45; *p* = 0.4593; elevated blood pressure or taking antihypertensive medications, OR 1.27; 1.00--1.61; *p* = 0.0486; elevated fasting blood glucose level or taking a hypoglycemic medication, OR 0.97; 0.75--1.25; *p* = 0.8006; decreased HDL-cholesterol level, OR 1.26; 0.91--1.71; *p* = 0.1559; and hypertriglyceridemia or taking lipid-lowering medications, OR 1.10; 0.86-- 1.40; *p* = 0.4572).

Based on these results, we performed a stratification analysis of continuous variables, including HDL-C and ApoA1. We categorized participants into six groups according to the serum HDL-C level (HDL-C \< 40, 40--49, 50--59, 60--69, 70--79, and ≥ 80 mg/dl; *N* = 239, 581, 683, 459, 334, and 235, respectively). Individuals with HDL-C ≥ 80 mg/dl exhibited the lowest odds of the eGFR decline in 1 year. Participants with HDL-C \< 60 mg/dl exhibited significantly elevated eGFR decline odds over 1 year (**[Table 4](#T4){ref-type="table"}**). We also categorized participants into five groups according to serum ApoA1 level (ApoA1 \< 120, 120--139, 140--159, 160--179, and \> 180 mg/dl; *N* = 212, 742, 868, 500, and 209, respectively). Individuals with ApoA1 \> 180 mg/dl exhibited the lowest odds of the eGFR decline, and participants with ApoA1 \< 160 mg/dl demonstrated significantly elevated odds of the eGFR decline in 1 year (**[Table 5](#T5){ref-type="table"}**).

###### Association between HDL-C and decline in eGFR using multivariate logistic regression analysis.

                     eGFR decline              
  -------- --------- ------------------------- ------------
  \< 40    N = 239   **2.12 (1.20 to 3.81)**   **0.0099**
  40--49   N = 581   **1.81 (1.11 to 3.06)**   **0.0172**
  50--59   N = 683   **1.86 (1.17 to 3.08)**   **0.0086**
  60--69   N = 459   1.57 (0.96 to 2.64)       0.0717
  70--79   N = 334   1.28 (0.75 to 2.21)       0.3682
  80 ≤     N = 235   1                         --

Bold values indicate significant differences. HDL-C, high-density lipoprotein cholesterol; OR, odds ratio; CI, confidence interval. Multivariable logistic analyses were adjusted for factors, including age, sex, eGFR, current smoking, hypertension, diabetes, and obesity.

###### Association between ApoA1 and decline in eGFR using multivariate logistic regression analysis.

                       eGFR decline              
  ---------- --------- ------------------------- ------------
  \< 120     N = 212   1.77 (0.96 to 3.31)       0.0652
  120--139   N = 742   **2.06 (1.26 to 3.50)**   **0.0033**
  140--159   N = 868   **1.80 (1.12 to 3.03)**   **0.0147**
  160--179   N = 500   1.32 (0.79 to 2.28)       0.2935
  180 ≤      N = 209   1                         --

Bold values indicate significant differences. ApoA1, apolipoprotein A1; OR, odds ratio; CI, confidence interval. Multivariable logistic analyses were adjusted for factors, including age, sex, eGFR, current smoking, hypertension, diabetes, and obesity.

Since average ethanol consumption \< 40 g/day showed marginal significance in association with eGFR decline using multiple logistic regression analysis, we also categorized participants into four categories according to average ethanol consumption per day (ethanol \< 20, 20--39, 40--59, and \> 60 g/day; *N* = 1664, 489, 301, and 77, respectively) to evaluate appropriate amount of alcohol for kidney function. Ethanol consumption 40--59 g/day exhibited the lowest odds of the eGFR decline, and participants with ethanol consumption less than 40 g/day showed elevated odds of the eGFR decline (**[Table 6](#T6){ref-type="table"}**).

###### Association between average alcohol consumption and decline in eGFR using multivariate logistic regression analysis.

                      eGFR decline              
  -------- ---------- ------------------------- ------------
  \< 20    N = 1664   **1.57 (1.04 to 2.44)**   **0.0296**
  20--39   N = 489    **1.61 (1.03 to 2.59)**   **0.0381**
  40--59   N = 301    1                         --
  60 ≤     N = 77     1.67 (0.76 to 3.48)       0.1930

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval. Multivariable logistic analyses were adjusted for factors, including age, sex, eGFR, current smoking, hypertension, diabetes, obesity, and HDL-C.

Factors Associated with eGFR Decline Over 1 Year in a Linear Regression Model
-----------------------------------------------------------------------------

We examined factors associated with changes in eGFR in 1 year using linear regression analysis for all factors listed in **[Table 1](#T1){ref-type="table"}**. Age, sex, and baseline eGFR were included in the model as covariates. A change of eGFR was evaluated as ΔeGFR and calculated as eGFR in the next year---eGFR at baseline. The average of ΔeGFR was −2.8 ± 7.4 ml/min/1.73 m^2^. HDL-C and ApoA1 levels and average ethanol consumption were significantly associated with ΔeGFR in the analysis (*β* = 0.04; *p* = 0.0002, *β* = 0.03; *p* \< 0.0001, *β* = 0.02; *p* = 0.0114, respectively).

We next investigated factors associated with ΔeGFR using multivariate linear regression analysis adjusted for factors that were related to the progression of CKD clinically, including age, sex, eGFR, smoking, hypertension, diabetes, obesity, and these identified factors, including HDL-C or ApoA1 levels and average ethanol consumption per day. The analysis revealed that each 10 mg/dl decrease in HDL-C and ApoA1 levels was associated with a 0.34 and 0.32 ml/min/1.73 m^2^ decrease in eGFR in 1 year, respectively (95% CI, 0.14--0.55; 0.18--0.46, *p* = 0.0012; *p* \< 0.0001, respectively). Each 10 g/day increase in average ethanol consumption was associated with a 0.17 ml/min/1.73 m^2^ increase in eGFR when adjusted for factors including age, sex, eGFR, smoking, HDLC, hypertension, diabetes, and obesity (*p* = 0.0357). Exercise habits, which showed a significant association with eGFR decline in logistic regression model, were not associated with eGFR decline in the linear regression model.

Factors Associated with eGFR Decline in 2 Years Using Logistic Regression Model
-------------------------------------------------------------------------------

Moreover, we examined associated factors with eGFR decline in population with 2-year-interval health checkups using multiple logistic regression models to confirm these results over 1 year (**[Suppl Table 2](#T8){ref-type="table"}**). Decline in eGFR was evaluated as described in the Method section. HDL-C and ApoA1 levels were significantly correlated with eGFR decline over 2 years (OR 0.86 per 10 mg/dl; 0.75--0.99; *p* = 0.0363; OR 0.89 per 10 mg/dl; 0.81--0.98; *p* = 0.0209, respectively). Medication for hypertension was not significantly associated with eGFR decline, whereas high BP was correlated with eGFR decline over 2 years (OR 1.02; 0.69--1.52; *p* = 0.9391, OR 1.55; 1.01--2.35; *p* = 0.0455, respectively). Metabolic syndrome was significantly associated with eGFR decline over 2 years using a multiple regression model adjusted for age, sex, eGFR at baseline, and smoking (OR 1.49; 1.01--2.18; *p* = 0.0453).

###### Factors associated with eGFR decline over two years in non-CKD participants at baseline using multivariate logistic regression analysis.

                                            eGFR decline (*n* = 163)                                                   
  ----------------------------------------- -------------------------- --------------------- ------------------------- ------------
  HDL-C (per 10 mg/dl)                      **0.89 (0.81 to 0.98)**    **0.0363**            **0.87 (0.75 to 1.00)**   **0.0470**
  Hypertension                              1.22 (0.83 to 1.78)        0.3115                1.23 (0.84 to 1.81)       0.2822
  Diabetes                                  1.25 (0.72 to 2.09)        0.4181                1.26 (0.73 to 2.12)       0.3956
  Obesity                                   0.88 (0.57 to 1.34)        0.5494                0.88 (0.57 to 1.36)       0.5756
  Current smoking                           1.53 (0.81 to 2.78)        0.1879                1.55 (0.82 to 2.84)       0.1742
  Average ethanol consumption \< 40 g/day   --                         1.37 (0.74 to 2.69)   0.3248                    
  Walking ≥ 1 hour/day                      --                         1.02 (0.70 to 1.48)   0.9085                    
  Sweating for 30 min ≥ 2 times/week        --                         0.85 (0.59 to 1.23)   0.3892                    

Bold values indicate significant differences. OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol. Multivariate logistic regression analyses were adjusted for factors described as predictors of CKD progression, including age, sex, eGFR, current smoking, hypertension, diabetes, obesity, and HDL-C (model 1), and for factors described above, average ethanol consumption \< 40 g/day, walking ≥ 1 hour/day, and sweating for 30 min ≥ 2 times/week (model 2).

Discussion
==========

This study investigated metabolic factors associated with a decline in eGFR over 1 year in a Japanese population receiving health checkup, and these results were confirmed in a population with 2-year-interval health checkups. All subjects in this study were without CKD at baseline. This study revealed the following novel and interesting findings. (1) The levels of HDL-C and ApoA1 negatively correlated with eGFR decline even in a short period of 1 year and it was confirmed in a population with 2-year-interval health checkups. (2) Individuals with HDL-C ≥ 80 mg/dl and ApoA1 ≥ 160 mg/dl exhibited the lowest odds of the eGFR decline, and a U-shaped relationship between these levels and eGFR decline was not observed in non-CKD participants in this study. (3) Metabolic syndrome was associated with eGFR decline, although obesity-related parameters did not show a significant correlation with eGFR decline in the non-CKD population. (4) Low alcohol consumption, exercise habits, and medication for hypertension were independent factors associated with the eGFR decline in 1 year.

The relation of dyslipidemia with CKD incidence in the general population was investigated in several studies^[@bib14]--[@bib17])^. These studies demonstrated that low HDL-C and ApoA1 levels were associated with CKD progression. Serum HDL-C and ApoA1 levels were significantly associated with the eGFR decline in this study, as previously reported. Notably, this study showed the effect of HDL-C and ApoA1 on changes in eGFR in a short period of 1 year in non-CKD population. Recently, B. Bowe *et al.* reported that the relationship between HDL-C levels and renal outcomes exhibits a U-shaped relationship, in which risk increases with low and high levels of HDL-C^[@bib18])^. The lowest risk of doubling of creatinine, greater than 30% decline in eGFR and outcome of end-stage renal disease was observed around 40--50 mg/dl of HDL-C in the cohort study. In this study, individuals with HDL-C ≥ 80 mg/dl exhibited the lowest odds of the eGFR decline. The discrepancy may be caused by several reasons, including differences in the observational period, race, and baseline eGFR. All participants showed baseline eGFR greater than 60 ml/min/1.73 m^2^ in this study, whereas 77% of participants showed in the cohort. It was recently reported that HDL-C in lower eGFR attenuated the salutary association of HDL-C and risk of death^[@bib19],\ [@bib20])^, which suggest the possibility that HDL-C in lower eGFR also attenuated the salutary effect of HDL-C on eGFR decline. Therefore, higher eGFR at baseline in this study may cause higher HDL-C level with lowest odds of an eGFR decline in 1 year. These results suggest that it may be necessary to set different target levels of HDL-C according to eGFR levels in order to avoid rapid eGFR decline, although further studies are necessary to determine the appropriate values with the smallest decline in eGFR over a longer period of time.

A beneficial HDL may degenerate to a dysfunctional HDL according to the oxidative condition or systemic inflammation, which may result in functional impairment of the antiatherogenic properties of HDL-C and lead to microvascular diseases and renal dysfunction with extremely high HDL-C^[@bib21]--[@bib23])^. Quantitative (i.e., serum concentration of HDL-C) and qualitative assessment of HDL, such as antiatherogenic or proatherogenic, HDL subclasses, or HDL composition, may be essential to evaluate the real role of HDL in this relatively healthy population, since it was reported that the levels of HDL subfractions and their oxidized subfraction particles differed according to CKD severity^[@bib24])^. Our clinical data lack these functional properties of HDL, and we cannot discuss these issues.

Metabolic syndrome is associated with an increased risk of renal injury and is an essential predictor of CKD^[@bib25],\ [@bib26])^; however, it is difficult to elucidate whether the renal dysfunction is due to the syndrome itself or the individual risk factors. Metabolic syndrome was significantly associated with eGFR decline in non-CKD participants in this study. Interestingly, the obesity-related factors, including BMI, VFA, waist circumference, and the criteria of central obesity that were used in diagnosis of the syndrome, were not associated with eGFR decline. Among parameters included in the criteria for metabolic syndrome, elevated BP was significantly associated with eGFR decline, and low HDL-C showed a marginal significance. These results suggest the importance of hypertension and low HDL-C on the effect of metabolic syndrome on eGFR decline, rather than obesity, in non-CKD population.

This study demonstrated correlations between eGFR decline and medications for hypertension. Medications for hypertension were associated with eGFR decline when it was included as an independent variable in multivariate regression analysis, whereas high BP was not significantly associated with eGFR decline in the analysis. These results suggest that medication for hypertension may be related to eGFR decline in a short observation of 1 year in non-CKD subjects, which is different from previous reports including CKD patients^[@bib27])^; however, it was not significantly associated with eGFR decline in 2 years. Although there was a limitation that it was difficult to obtain accurate information of medication, such as doses and durations of these drugs in the questionnaire, it is suggested that careful observation in eGFR decline may be needed in non-CKD patients with antihypertensive drugs. Medications for dyslipidemia were not significantly associated with an eGFR decline in non-CKD participants, consistent with previous reports^[@bib28])^.

Lifestyle alternations are important to improve dyslipidemia. Average ethanol consumption per day was significantly associated with eGFR decline in 1 year, which suggests that alcohol consumption partially contributes to a lower decline of eGFR due to elevated HDL-C and ApoA1 levels in non-CKD participants. The effect of alcohol consumption on eGFR decline was controversial. Some studies reported that no association was observed in alcohol intake with the occurrence and progression of CKD^[@bib29],\ [@bib30])^, and others described that low alcohol consumption (20--140 g ethanol/week) was associated with an eGFR reduction of 25% in 3 years^[@bib31])^, and that the risk of an eGFR decline was reduced in the subjects drinking alcohol with 23.0--69.0 g ethanol/drinking day and 4--7 times a week^[@bib32])^. Low alcohol consumption was associated with an eGFR decline in non-CKD participants of this study and alcohol consumption of 40--59 g/day exhibited the lowest odds of the eGFR decline. Therefore, these results suggested that it was advisable to consume less than 60 g of alcohol per day in the non-CKD population for better kidney function; however, in clinical settings, an appropriate amount of alcohol consumption should be determined based on its influence on the kidney function and other organs, including liver, and metabolism of the person.

Exercise ameliorates metabolic factors associated with development of CKD; however there are no published guidelines to demonstrate the effect of exercise on prevention of CKD^[@bib33])^. Recent study suggested that exercise was associated with a lower GFR, and a lower prevalence of proteinuria and eGFR \< 45 ml/min/1.73 m^2^ ^[@bib34])^. Another report has shown that moderate to vigorous physical activity was not associated with kidney function^[@bib35])^. In this study, walking for more than 1 h/day was significantly associated with eGFR decline in 1 year, but not in 2 years, in non-CKD population. The possible reasons may be a short observation period, limitation in evaluation of data from the questionnaire, and different settings in renal outcome. Future studies are necessary to evaluate and validate these results.

There are some limitations in this study. First, it is difficult to show that low HDL-C and ApoA1 levels are the cause or the result of eGFR decline in this observational study. Interventional study that examines the effect of amelioration of HDL-C and ApoA1 levels on eGFR decline is needed in the future. Second, selection bias may exist because participants who receive annual health checkups may be interested in the management of their health. Third, proteinuria was not included in renal outcome, because only 20 participants showed proteinuria in the following year. Moreover, well-known factors associated with CKD progression, such as UA^[@bib36])^ and hs-CRP^[@bib37])^, were not significantly associated with eGFR decline in 1 year. These factors may affect the change of eGFR with longer time observation, and further examination is needed.

In summary, this study demonstrated that HDL-C and ApoA1 levels negatively correlated with eGFR decline during a short period of only 1 year in non-CKD subjects. Metabolic syndrome also showed a significant association with eGFR decline. This study suggests the importance of hypertension and low HDL-C in the metabolic syndrome effect on eGFR decline rather than obesity in non-CKD population. Based on these results, monitoring of metabolic factors especially HDL-C and hypertension is important for the prevention of a rapid decline in eGFR and the occurrence of CKD in non-CKD population.
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